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ABSTRACT 


The present communication satellites are frequency 
ranslatmg types. But with the improvement in electronic 
ardware technology and availability of launch vechicles 
apable of putting more payload into orbit, it is now 
ossible to launch more complex satellites. It is then advan- 
ageous to introduce regeneration on-board the satellite. 

In this thesis after introducing various types of accesses, 
two types of accessing techniques namely # Time Division Multiple 
access and Spread Spectrum multiple access are briefly explained, 
as these techniques are more compatible with military require- 
ments. Computer simulation (on DEC-1090 system) of TDMA and 
SSMA with carrier modulations of BPSK, DPSK and QPSK have been 
carried out and performances of the systems are reported. In 
SSMA simulation processing gams of 10,13 and 16 dB have been 
used. 

On-board regeneration with various types of accesses is 
studied, with a view to select a suitable system for military 
purposes. SSMA uplink and TDMA downlink comes out to be most 
suitable and power budget calculations for this system are also 
studied and suitable recommendations for future work in this 
field are given. 
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CHAPTER 1 


INTRODUCTION 

The present communication satellite repeaters are simply 
frequency translating types, i.e. translating in frequency the 
signals received on the uplink to that to he transmitted on the 
downlink. This has heen so duo to the launch vehicle limita- 
tions and requirement for high reliability. But with the 
progress of technology, the constraints on size, weight and 
complexity of the repeater payload have heen relaxed. launch 
vechicles capable of placing very high payloads into synchronous 
orbits are now available. Further microelectronic circuits 
considerably reduce the size and weight of a circuit to perform 
a given function. Also the reliability of the components in 
space enviornment is now well proven. Thus the technology 
necessary to build, launch and operate complex communication 
satellites is or will soon be available. In this context, it 
nay be worthwhile to transfer the task of providing some 
desired communication processing to the satellite segment for 
the added gain of bettor communication facilities. The proce- 
ssing on board may be baseband regeneration, modulation con- 
version, error control techniques ( switching and rerouting, in- 
terference removal etc. 
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1.1 Statement of the Problem 

Formally m terrestrial communication links, regnerative 
repetiti n is considered worthwhile only if bhe number of 
repeating stages is large. In satellite communication, 
though the repeating stage is only one, repetitive regeneration 
can be resorted to due to its various advantages [1] some of 
which are listed below. 

i) Because of regeneration on board the satellite various 
kinds of signal processing ean be employed, e.g. since downlink 
is power limited error correcting technique can be resorted to 
for downlink. Signal processing on board will provide now 
conveniences to the users and efficient use of the communication 
capa city . 

li) With regeneration to achieve a certain total carrier 
to noise plus interference power ratio [C/(H+I)], the uplink 
and downlink C/(N+I) is much less than m the case of non- 
regeneration, e.g. with regenerative repeater, in PSk/TBMA. to 
achieve a total 0/(F+I) of 15 dB, uplink C/(B4-I) of 18 dB and 
downlink C/(F+I) of 17.5 dB are required. Uhoroas in non- 
rogenorative system the uplink C/(N+I) of 24 dB and downlink 
C/(N"+1) of 20.5 dB are required to achieve the sane total 
0/(F+I). Thus with regeneration 6 dB on the uplink and 5 dB 
on the downlink can be saved. 
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iii ) Modulation format can be rearranged for the downlink 
transmission thus making the ground receivers simpler, which 
may be required say for military communication purposes. 

iv) Cochannel interference will become predominant inter- 
ference m future communication satellite systems because of 
frequency reuse by multiple spot beans and increase of the 
number of satellites in a given orbital arc. This interference 
also can be removed by regeneration. 

v) Removal of uplink intentional interference and thermal 
noise results in saving of downlink power, since downlink 
power is not wasted in transmitting unwanted interference and 
downlink power is a premium factor in satellite communication. 

vi) Since uplink and downlink can be isolated uplink inter- 
ference and thermal noise can be removed, 

1 ^ Review of Communication Satellite Systems 

The idea of geostationary satellite ms first proposed by 
Arthur. C. Clarke after the second world war in an article in 
Wireless orld entitled ' Ezti.it err es trial Relays'. His proposal 
was for the use of FM voice broadcast. He also foresaw the use 
of solar cells. 

1,2,1 Beginning of the sate llite e ra 

Moon reflections for communication purposes were 
demonstrated m the late forties and earljr fifties. This type 
of communication which existed till 1962 was limited by the 
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•availability’ of the noon at the transmitting and receiving 
stations. Then started the period of passive satellites with 
the 'ECHO' balloon in I960. These passive satellites were 
handicapped by the inefficient use of transnitter power. 

But with the advent of space electronics, the passive 
systens were replaced by active satellites. Score was the 
first active satellite which was launched m Decenber 1958. 

Apart from early space probes like Sputnik, Explorer, and 
Vanguard, as well as the score and Courier projects, which 
were early communication satellites, the major experimental 
steps in active communication satellite technology were the 
Telstar, Relay and Syncon projects. 

Project Telstar was the first one capable of relaying TV 
programs across the Atlantic. The overall communication capa- 
bility wa s 600 voice telephone channels, or one TV channel. 

The orbit used was such that the satellite was visible for 
short periods only. This project -jas developed by Bell 
laboratories. Project Relay developed by RCA was a similar 
project. In 1964 the In t e r na t i onal Telecommunications Satellite 
Consortium, known as Intelsat was formed to design and maintain 
a global commercial communication satellite system. 

1.2.2 Comm ercia l development 

The launch of Intelsat I (known as Early Bird) m April 
1965 initiated a new era m telecommunications. Its capacity 
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was 240 voice circuits and interconnected Europe and USA. 

The Intelsat II in 1967, Intelsat III m 1968 provided coverage 
of both Pacific and Atlantic regions. The fully nature phase 
of satellite comuni cation could he considered as having begun 
with Intelsat 17 m 1971. Intelsat 17 was augmented in 

the Atlantic region by the next series Intelsat I7-A in 1976. 
Nominal capacity of the Intelsat 17 is 7500 voice channels and 
that of I7-A is 12,500 voice grade channels. The types of 
modulated signals carried by the Intelsat network include; 
data, facsimile, teletype, television (monochrome and colour) 
and voice. 

There are 42 satellite communication systems today, which 
are in active operation or for which equipment is being built [1 
We will briefly review the features of some of the mao or sate- 
llite systems in use today, besides tho highly successful 
Intelsat. 


2.2.1 


;i ons Te ch nology Satelli te 


Of the experimental satellite programs to date, perhaps 
the most encompassing has been NASA's Application Technology 
Satellite. The basic philosophy of the ATS program has been 
the development of multiple mission satellites having a large 
and adaptable volume for mounting the various experimental 
payloads. ATS missions 1 through 5 carried out experiments 
like SHF voice/ television experiments at 6/4 G-Hz, 7BF 
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communications experiments with mobile stations, experiments 
in the aeronautical and Maritime fields. ATS-6, last of ATS 
series. vac nnc.c css fully launched m May 1974. 6 GHz and 4 GHz 

radio frequency interference between satellite and Terrestrial 
systems, 860 MHz Television Relay using small Terminals (TRUST) 
and Satellite Instructional Television Experiment (SITE), 

2.5 GHz Educational Television Experiment, Health Education 
Telecommunication experiment were the experiments which were 
carried out by this satellite [2]. 

1.2.2. 2 Communication technology satellite (CTS) program 

In 1971 CTS program was established as a result of 
agreement between Canada and USA. The satellite ’was launched 
in 1975. Some of the telecommunications experiments proposed 
were j 

l) TV Broadcast 

ii ) Educational TV (ETV) with a voice or data return channel 
for interactive programs 
ni) TV remote transmission 

iv ) Radio Broadcast 

v) Two way voice 

vi) Digital data transmission 

vii) Investigation of high speed data transmission by satellite 

viii) Investigation of tine division multiple access techniques 
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1.2. 2. 3 The Synphonie Project 

In 1967 France and West G-ernany decided to cooperate in 
this project. The first symphonic was launched on December 
1974 . This is a geostationary type with circular orbit. 

Space Applications Centre, ISRO carried out ' So, tell it e 
Telecommunications Experiments Project' from June 77 to May 
79 with this satellite. The experiments included remote TV 
origination/reception radio networking, SCPC, TV with multi- 
ple audio and POM/lSS/imi" |_3] . 

1.2. 2.4 USSR Satellites 

MOMITA is the USSR domestic satellite system. The 
satellite system is placed in a highly inclined elliptical 
orbit over USSR with a period of 12 hrs. To provide 24 hour 
coverage, two to three spacecraft are placed in a phased orbit. 
In March 1974 USSR launched its first geostatonary satellite 
known as STATS IONAR I. 

1 . 2 . 2 . 5 T EDESAT - the Canid ian domestic sy stem 

The space segment consists of three spin-stabilized 
satellites in geostationary orbit. The first of the satellites 
known as AUIK was launched in November 1972. The system is 
capable of providing television, broadcast Radio, data and 
facsimile transmission services throughout Canada, and can 
handle both analog and digital signals. 
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1. 2. 2. 6 INSAT — the Indian domest ic satellite 

This Indian National Satellite is to be launched by 1982. 
It will have 12 transponders each with a band width of 36 MHz. 
The satellite is supposed to provide the following facilities 

L4] 

i) Village broadcast NED? TV 

ii) Point-to-point voice frequency (VP) trunks 
in) TV network distribution 

iv) Multiple-access connuni cation for low-duty- cycle and 
renote users 

Besides these there are various other systems in operation 
or under design, civil and military like Comsat, BOA SATCOM, 
Uestar, DSCS. Tne particulars of these are given in iii- 
The systems available for Maritime satellite communications. 
Broadcast satellite service, Mobile service arc described 
in [2]. 

1 . 2 . 2 . 8 Putunstic d ev el o pm_ent s_ 

The areas m which future developments m satellite 
communication will take place are Onboard regeneration and 
frequency reuse. Onboard regeneration is discussed later in 
this thesis. One practical way of increasing connuni cation 
bandwidth is to reuse the frequency band by means of multiple 
spot beans or orthogonal polarization [5,6,7]. Another area 
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the 

where development will take place is /use of higher frequencies 
for satellite communi cation |_ 8 , 9 , 103 . 

1 . 3 Modulation and Multiple Access Techn iques 

A geostationary satellite which 'sees' approximately one 
third of the earth's surface can provide m principle coruuni- 
cation between any two points within that region of the earth's 
surface. But how nany users can simultaneously use this facility 
within the constraints of power and bandwidth is the problem of 
multiple access. 

1.3.1 Basic modulation techniq ues 

The efficiency of a satellite system depends upon the 
modulation technique used, which consists basically of two 
parts 2 

i) A method of assembling the individual channels before they 
are modulated onto the mam carrier, i.e. frequency division 
multiplexing (PDM) or time-division multiplexing (TDM) 

ii) A method of modulating the multiplexed baseband onto the 
RP carrier, i.e. frequency modulation (I'M), phase modulation 
(PM), phase shift keying (PSIC) , etc. 

Individual techniques may be combined to suit a particular 
situation and this gives rise to cOi posite techniques such as 
FDM/FM, TDM/PM or TDM/PSIC. 
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1. 3.1.2 Multiple access techniques 

In the early days of satellite oomunication only two 
sto.tions could communicate with each other through a satellite 
at a tine, but this was very inefficient. Hence means had to 
he found by which nore stations could simultaneously gain access 
and use the satellite at the sane tine. This gave rise to the 
development of multiple accessing techniques. Basically 
nultiple access can be divided into four categories ; 

l) Erequency division multiple access (EDM) 
n ) Time division multiple access (TDM) 

m) Spread-spectrum nultiple access (SbM a) 
iv) Pulse address multiple access (PAM) 

1 . 3 . 1 . 3 Erequency division nultiple access (EDM ) 

The available transponder bandwidth is divided m EDMA into 
a number of non- overlapping frequency bands vj_th bandwidths 
dependent upon the traffic of each carrier. In the present 
Intelsat systems the channel capacity has been standardized 
to 24,60,132 or 900 channels j_7]. But thero are disadvantages 
m this type of multiple accessing. The satellite repeater is 
a nonlinear device and creates signal impairments such as 
intermodulation and crosstalk. To reduce these effects the 
output amplifier has to be backed off to operate in the linear 
region, and therefore, the available EIRE of the satellite is 
reduced. Also guardbands between channels are necessary and 
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spacing of the carriers to allow for different capacities 

should be done carefully to reduce internodulation distortion. 

These effects produce a reduction m satellite transponder 

nuab er 

capacity ^ith increased £ of accesses as shown in Fig. 1.1. 

For multiple carrier operation, the satellite power must be 
shared among all carriers and this requires close control of 
the uplink transmitter power. But the major disadvantage is 
that this system requires carriers to be allocated permanently 
to the various earth stations and thereby makes the system 
difficult to modify with changes in traffic distributions 
[ 11 , 12 ] . 

1 . 3 . 1 « 4 Time divis ion multiple a cc ess (TDM ) 

In TDM the transponder is used exclusively by a single 
earth station during a specified time slot. At any one time, 
therefore, only one carrier is using the transponder output 
amplifier (which may be operated at saturation) and earth 
station power control is not necessary. Also hore tlie capacity 
of the transponder does not reduce drastically with increased 
number of accesses as shown m Iig. 1.1 [13]. 

This system requires synchronization of the various 
station bursts. 

1.3. 1.5 Spread spect ru m multiple a ccess (SS M) 


The information bearing signal is spread m bandwidth 



Transponder 


P CM/P SK/TDMA. Porf or, lance 



Pig. 1.1 Accoss Capability 
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with, the help of a code. So at a particular tine one user 
has continuous (but not exclusive) usage of the entire satellite 
bandwidth. One of the purposes of spreading the signal is to 
make it look like a white Gaussian noise [14 J. This process inc 
the im m unity of signals to interference. Recovery of the 
signal is done with the exact inverse operation with the same 
code stored at the receiver. Hence this technique requires 
code synchronization and complex terminal equipment. 

1 . 3 . 1 . 6 Pulse address multiple a c cess (PAM) 

PAM is a method in which time-frequency pulse patterns 
are generated and used as addresses. The frequency spectrum is 
split into bands and pulses are transmitted in the various bands, 
at preassigned tines. Reception of signals is accomplished 
by detection of both frequency -and tine-slot positions, like 
SSMA, a large number of codes can be used and hence PAM has 
random-access capability. But this has low energy efficiency ' 

L15]. 

Earth stations having continuous braffic over a given 
number of channels use preassigned channels. But channel 
economy can be achieved by using Demand Assignment. In 
demand assignment all channels are pooled and nay be used by 
any station according to its instantaneous traffic load. 

Demand Assignment Communications may take various forms. If 
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both ends of all the channels are und educated so that any 
station may use any channel it is known as 'fully variable*. 
But on the other hand if only one end is free then it is 
known as ' seni variable* . Intelsat SPADE is an example of 
demand assigned multiple access system [16], 

1 * 5 Organization of the Thesis 

In Chapter 2 of this thesis we will consider TDMA. and 
SSMA. in detail, Chapter 3 gives the various on board regene- 
ration systems possible, Chapter 4 gives tlie simulation 
results and in Chapter 5 the power budget calculations for a 
typical link for military applications are presented. Me 
conclude the thesis in Chapter 6 with suggestions for further 


work in this area 



CHAP TEH 2 


DIGITAL MULTIPLE ACCESSING 
TECHITICiUES 

A satellite comnuni cation system to meet military needs 
Have various constraints which differ from the normal require- 
ments of other users. Message and transmission security, 
antijamming capabilities^ flexibility of network configura- 
tion etc. are some of the requirements which differentiate 
the mi litary satellite communication system. Time -division- 
multiple-access (TDMA) and Spread spectrum multiple access 
(SSMA) techniques are better suited for those requirements 
than Frequency division multiple access (PDMA). In this 
chapter we will briefly review TDMA. and SSMA. 

2.1 Time Division Multipl e. A ccess 

Time division multiple access (TDIIA) can be defined as the 
time sequenced entry at the satellite transponder of EE signals 
originating from different ground stations. Since efficient 
conversion of the potential satellite R.E. power output to 
achieve best possible information transmission capacity is 
important, it is necessary to select a modulation scheme to 
meet this requirement. Since buffer storage is necessary m 
TDMA, a digital modulation scheme is more compatible with 
TDMA. Eig. (2.1) shows the conpantive voice channel 



NUMBER OF VOICE CHANNELS 
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performance of standard frequency division multiplexing/freq 
modulation (FDM/FK) with 4 KHz spacing and multiplexed PGM 
voice circuits with, binary frequency shift Keying (BFSif) or 
binary phase shift keying (BPSn) [17]. It is evident from 
this, that the digital forms of carrier modulation is more 
efficient than analog FDM/FM for the transmission of both 
analo 0 voice and digital data traffic over the range of 
C/N o assumed. Added improvement m terns of bandwidth - power 
trade-off can be obtained by using ii-ary modulation techniques. 
Further, constant envelope modulation scheme is preferred be- 
cause satellite transponder m general has a non-linear 
amplitude transfer characteristic. Among these constant 
envelope modulation schemes , phase shift keyin^ is preferred 
because of better bandwidth power trade-off considerations. 

The primary considerations m TDM are fast initial 
acquisition, suitable synchronization methods and arrangement 
of individual bursts m proper format which maintains high 
efficiency [18], In TDM the time axis is divided into frames, 
which in turn is divided into shorter slots which can be 
accessed by ground stations. The slots musr contain a 
'preamble' containing signals that perform the following 
functions . 

l) If coherent modulation is employed, carrier phase must 

be extracted at the beginning of tho framing signal and 


each burst 
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ii) Clock recovery must be done for efficient demodulation 

in) Unique word to indicate the burst start 

iv) Station identif ica fcion and status code (SIC) 

v) Signalling channel 

vi ) Teletype orderwire channel 

vn) Voice order-wire (VOW) 


The normal frame structure is shoT«i m fig. 2.2. The 


first part is the frame sync of duration Tp S transmitted by 
a master station which serves to identify a particular point 


FRAME t, t„ s 

sure «-*■— 


Slot 1 





Slot n 


Fig. 2,2 TDMA Frame Structure 

m tine. This consists of signals for carrier recovery (if 
coherent demodulation is employed), bit synchronization and 
a unique word with good correlation properties to establish 
the bit position which is the start of bhe frame [19]. Follow- 
ing the frame sync are n bursts from n different stations, 
each 1 of duration T-g. Each burst consists of a preamble of 

BS 


of duration 1 


followed by information bits. 
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Tiie preamble of each burst can have three possible 
forms. Tor noncoherent modulation with a bit coherent frane 
■^BS 115 zero * l' or non -bit coherent francs, with either coherent 
or noil-coherent RF modulation, the burst lias the sane form as 
frane sync. In bit-coherent system, the receiver clock is 
obtained fron the frane sync. 1'or this approach to be possible 
each burst must be positioned accurately so that the position 
error is snail with respect to a symbol duration' J_17]» But as 
the frequency and phase of the clock cannot be assumed to be 
coherent fron burst to burst within a frame at high data rates, 
the clock has to bo recovered for each burst. This is non-bit 
coherent frane. Since the preamble does not contribute to the 
information carrying capacity of the frane it should be kept 
as snail as possible to increase the franc efficiency which 
can be represented as 


T) = 1 



+ (n+1) Iq + n 




( 2 . 1 ) 


where T^ is the guard tine between bursts. This is a non- 
transmit period and is inserted to prevent burst fron actually 
overlapping each other. 

An earth station that desires to enter a tme-slot at 

& 

the beginning of its own transmission has to access it without 
disturbing the transmission already existing m the other 
slots and after the initial access is done its 


burst should be 
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placed in tlie proper location. The various methods available 
for this have been proposed in literature [20,21,22]. 

The initial acquisition can be done by a carrier burst or 
PIT sequence method. The earlier method is to be used for H-TSAT. 

2.2 Spread Spectrum multiple. Access 

It is known from signal detection theory that for binary 
transmission of known signals m the presence of additive white 
Gaussian noise (AWGl'T) the error probability depends upon 
ratio. Spreading the bandwidth of the signals will not degrade 
the performance of detection as long as the recovered energy of 
the signal remains the same as that of the original signal. 

This spr ending of the bandwidth will reduce the capacity of a 
fixed bandwidth channel, but multiple access capability can be 
achieved. One of the purposes of spreading the signs 1 is to 
make it look like a white Gaussian noise [23]. The spreading 
of the signal is done by some operation on the signal using 
Psuedo random codes. Eor detection, it is essential to have 
the exact lxiverso operation with the same codo stored at the 
receiver. 

One way to achieve both multiple access and rand on access 
and also make efficient use of the satellite repeater is to 
have all the users simultaneously use the entire repeater 
bandwidth. This can be accomplished by assigning each user 
a distinct code. The codes selected should have certain 
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desirable correlation properties. Each user tiion spreads 
his information with the help of the code and transmits it. 

The receiver employs a phase coherent correlator capable of 
locking onto tne desired, transmitted signals while reoecting 
others. 'The spreading of the information can be done in 
the following ways. 

i) Direct sequence or psuedo random sequence, in which a 
carrier is modulated by a digital code sequence having a 
bit rate much higher than the mf ornation signal rate. 

11 ) Frequency hopping, in which the carrier frequency is 
shifted in a pattern dictated by a code sequence [24, 25]. 
m) Pulsed-FM or chirp, in which a carrier is sw r ept linearly 
over a wideband of frequencies during a given pulse [26]. 

We snail consider the direct sequence SSMA only. 

2.2.1 Direct-sequence S5I1A. 

Fig. 2.3 shows a block diagram of a spread-spectrum 
system : l the most general •"om. At the t-nnsmitt er , a 
carrier A q cos<" • t, is modulated, by any foi*m of amplitude 
or angle modulation or a combination of both to produce 
S-^(t) = A-^(t) cos ( Q t + <p(t)]. This nodulated signal is 
tnen multiplied by a time function PE^(t). This spreads the 
energy of S-^ ( "b ) over a much larger bandwidth. The product 
signal is then transmitted as shown m Fig. 2.3 end received 
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C°S W Q t hy[ 0dulat0r 


S (t)=A (t) 

ctsiw- Q t+tp'it) 


Modulated signal 


Information signal 


Infornation signal 



t ! iM 1 (t)& 1 (t) 


Spreadin 0 s_gnal 
PN x (t) 



<C7 


pH n (t)'s n (t) 


Pig. 2.3 Spread Spectrum Transmitter 


at the receiver along with other spread signals PHgCt) SgCt),. 

PIT ( t ) S (t), from other transnitters , an intentional 

interfering signal S’ (t) and noise n(t). So the signal 
received at the receiver can be represented by Pl'I-^(t) S^(t) 

+ Pl^Ct) SgCt) .... + Pil n (t) S (t) + S' (t) + n( t) as shown in 
Pig. 2.4. - 


Input 



Fig. 2.4 Spread Spectrum Receiver 
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At the receiver after multiplication by PN-^(t) the 
resulting signal is PU^(t) S 1 (t) 4 .... + Ph-^(t) PN n (t) S n (t) 

+ PH-^t) S* (t) + PN-^t) n(t ) . The intentional interfering 
signal S' (,) and noise have been spread over a wideband-width 
by the multiplication with PU-^(t). If PN-^(t) is chosen such 
that pjsr^(t) = 1 and Ph^t) P5*(t) * -Or (a ecsrrolavicn operation) 
where j --= 1,2 . .. n and if the multiplier output is 

passed through a correlator and bandpass filter then the receivei 
would be able to extract only the wanted signal. S' (t) and n(t) 
now band spread, will have very little energy m the information 
bandwidth. The wanted signal has now collapsed back to original 
information bandwidth [27]. 

If the information to be transmitted is m binary form, 
the information sequence is modulo-2 added to the code sequence. 
(This is equivalent to waveform multiplication) as shown m 
Pig. 2.5. This added sequence is nodulated by the carrier, 
say by using phase smft keying. 


Binary information 
sequence 


Rate R_ 


H0 


Binary Code sequence Rate 



Spread Signal 


Carrier 


Fig. 2.5 Spread Spectrum Transmitter for Binary 
Information Sequence 
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2.2.2 Code sequence, aspects 

The easiest way of generating PI sequences is with the 
help of shift registers. The linear feedback shift register 
(13? SR) uses nodulo-2 addition lo_ic m the feedback path as 
shown in Pig. 2.5. 



Pig. 2.5 Linear Feedback Shift Register 

If the wire tappings are chosen according to some 
irreducible polynonial of degree n, tins arrangement will 
produce a sequence of period 2 n - 1, whoro n is the number 
of stages in the shixt register. A sequence having a period 
p = 2 n - 1 is called a maximal - length sequence. Properties 
of uannal - length sequences are briefly described in Appendix 
’A' . The major problem with linear sequences is that they are 
decipherable once (2n+l) successive bits are known. To 
increase crytographic security, a non— linear logic (AND, OR, 
INVERT, etc) can be added m a feedforward fashion as shown 
m Pig. 2.6. This is known as nonlinear feedforward logic 
(NFFL) [14]. 
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^ non linear 
sequence 

Pig. 2.6 Nonlinear Feedforward logic 

2.3 C orrelation Functio ns and Power Spect ra _ of_ PIT S equence s 

A normalised autocorrelation function for a function of 
tine is given by 

T 

f (t) = lira (1/T) / F (t) F (t+r)dt (2.2) 

0 

Normalised cross-correlation of two functions of tine is 
given by 

T 

c (nr) = lin (l/T) f F 1 (t) P 2 (t+T)dt (2.3) 

T -^.osO 0 

For binary sequences, correlation function can be 
determined by noting that the variable i in eqns. 2.2 and 
2.3 is the number of bits by which the second sequence is 
shifted with respect to the first. 'Then by comparing the 
two sequences bit by bit, the normalised correlation function 
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is determined from 


p _ Humber of agreements - n u mber of disagreements (o a) 

J Humber of digits in the period of 'sequence ~ ^ % ^ ' 

Maximal length sequences has an autocorrelation of unity at 

zero shift and - — at all other values of smft, where p is the 

length of the sequence. 

The power spectrum of a PH sequence witn an auto- 
correlation function as given above is given by 


n o sm t_/2 Q ” ‘ * v , 

s( 0 = ( L — T 7 §- ] > M>- - 2-jtn/pt ) + “p 6(‘ 0 

P t o /2 . ° P 2 /. 


n= 
n^O 


(2.5) 


where p is the period of the sequence, to is the period of one 

digit of the binary waveform, and 6(>) is the dirac delta 

function. The autocorrelation function and power spectrum 

envelope for binary sequences are as shown m Pig. 2,7. 

i S(w) 



A 




-\ 





Pig. 2.7 Autocorrelation and Power Spectrum 
Envelope 

Equation 2.5 shows that the spectrum is a. line spectrum. 
There is a scale factor inversely proportional to the period 
of the sequence. Thus doubling the period of the sequence 
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will double the nunber of line spectra hut the power m each 

is halved, since the total power is constant. As seen from 

the Pig. 2.7 the spreading is determined by the code clock. 

The dc power can be reduced by increasing the period of the 

sequence* Since dc power is proportional to ^ . 

P 

The cross-correlation of the code selected, with the 
other codes is an important property which should be inves- 
tigated fully. The cross -correlation peeks should be as 
snail as possible. Though maximal-length sequences have good 
correlation properties, tiier e are Gold-codes which have well- 
defined correlation characteristics. These codes are produced 
by nodulo-2 adding the outputs of two n-stage shift registers 
wired to produce maximal length sequences as shown in Fig. 2.8. 

> Code 3 (Code 1 + Code 2) 

Pig. 2.8 Gold Code Sequence Ornf iguration 

2.4 Int erference Rejection Capability 

Since 90 percent of the total power m direct sequence 
spread spectrum is contained m a bandwidth equal to twice 
the code clock rate, the bandwidth of tnc spread spectrum 
can be taken as 2R where R is the codo eloex rate [28]. 

The mixture of wanted spread signal and interference which is 
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signal 

received is correlated with the replica of spreading /used at 


the transmtter. The correlation process 1 despreads 1 the 


information signal to the original "bandwidth, and the inter- 


ference is spread to a wider lane 1 width. This is passed through 


a narrow band filter. This process is shown m Fig. 2.9. 


Receiver 

input 


Bas eband 

filter 

input 


wanted signal 


md ep enaent mt erf er an c 


Baseband _ 

filter 

output 


Fig, 2.9 Interference Rejection 


The larger the ratio of the bandwidth of the spread 


signal t that of the inforr .tion signal is, the smaller will 


be the effect of unwanted interference. At the correlator 


input j the signal- bo-int^rference raxio is approximately 


(S/I) = S/'I B 

v ' ' in ' c 


while at the output of the correlator and narrow-band filter 


it is 
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(S/^out = S/I B n 

where I is the spectral power density of the unwanted signal 
and B and B are respectivedyhhe spread spectrur and inf or- 

O* i— i 

nation bandwidths. 

The processing gain is given By 

. C S /«out 

% = rsrnpr 



CHAPTER 3 


COMPUTER SIMULATION OP IDMA AND SSI1A LINKS 

The satellite links usm^ tine division and spread 
spectrum multiple accesses were simulated using DEC-1090 system. 
Por both these accesses the carrier modulations of BPSK, 

DPSK and QPSK were chosen. 

3.1 TDMA Simulation 

The receiver used in BPSK modulation can he an integrate 

and dump filter since inter-symbol interference (IS I) effect 

is negligible in a satellite channel. Since both baseband 

the 

and PSil transmissions have/sane probability of error [29] the 
baseband simulation instead of carrier simulation ms carried 
out. The flow charts for BPSK and DPSK s inula -cion are as 
given in Pig. 3.1 and 3.2 respectively. The simulation was 
carried out for various values of E^/N q and the results 
obtained for BPSK, and DPSK and QPSK are as shown in Pigs. 

3.3, 3.4 and 3.5 respectively. The computer listings of the 
programmes used for BPSK and DPSK, TDM links are given in 
Appendix B and C respectively. The simulation for QPSK is 

5 

similar to that of BPSK except that 2x10 bits were trans- 
mitted and the symbol error rate was calculated. 

The results obtained in the simulation match closely 
with the theoretically predicted results for BPSK, DPSK and 




Fig. 3.1 Flow Chart for PCM/BPSK/TDMA. Transmission 
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QPSK as given in [30]. The result for QPSK is given as symbol 
error rate versus bit signal energy to noise power ratio. 

3 « 2 SSKA Simulation 

Here direct sequence spread spectrum method was used for 
simulation. Maximal length sequences of length 2 n - 1 for any 
n is obtained by IFSR by selecting a suitable primitive 
irreducible polynomial. Ref. [31] a list of irreducible 

polynomials of degree n = 1,2, .... 32. For example X 11 + X 9 
+ + X + 1 is a primitive irreducible polynomial of degree 

11, which when wired as shown m fig. 3.6 will give a PIT 
sequence of length 2 11 - 1(= 2047). 



2.1 Autocorrelation and cross -corr e la t io n of Sequence (1 1,9,4 j 1^ 

The PIT sequence generated by (11,9,4,1) connection was 
found to be a maximal length sequence with autocorrelation value 
of 1 for zeroshift and - 2^47" -2° r a11 other shifts. 

The cross-correlation with other maximal length sequences 
of length 2047 generated by (11,9,8,3), (11,8,5,2), (11,7,3,2), 
(11,10,3,2), (11,6,5,1), (11,5,3,1), (11,8,5,2) were studied 
and the maximum or oss-corr elation peal wos found to be 

( 
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which gives an index of discrimination of 1920. 

Since usual receiver noise, jamming (except repeater 
jamming) and unrelated interference can he modelled as a 
widesense stationary independent process; white Gaussian 
noise is used in the simulation to model the interference. 
Simulation of SSMA was carried out for the processing gam 
values of 10,13 and IS dB. 


The SSMA system used for simulation is as shown . m 
Big. 3.7. 



PIT 


Big. 3.7 SSMA System Used for Simulation, 

2 . 3 Resul ts 

■baseband 

As m the case of TDMA / sinuletion (instead of carrier 

simulation) using BPSh, DPSh and QPSK transmissions were carried 

out. The flow chart for PCM/BP SR/ SSMA simulation is as shown 

m Big. 3.8. The results of simulation are presented m Big. 

listing 

3.3 and the corresponding /of the computer program given as 
Appendix ' D* . 
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j 1 = 1+1 


i 




3.8 BPSK/SSMA S inula ti Oil Plow Chart 




42 


The improvement obtained by SSI3A. over TDM for the 
various transmission modulations at the error rate of 10~^ 
is as shown m Dig. 3.9. It can be seen that the S^/lT 0 required 
to achieve an error rate of 10“^ m BPSK/BS M is 4.4 dB which is 
an mprovenent of 4.4 dB over TDM. This value has been used 
in the power budget calculations. 

Table 3.1 gives an idea of the timings involved in the 
simulation of the systems ov^r DEC-1090 system. Timings 
are given in nin.scc. These timings arc- for the simulation of 
10 5 bits m BPS! and DPSK and 2xl0 5 bits m QPSK. 


Access 


Modulation 

! 



BPS! 

DPSK j 

I 

QPSK j 

TDM 



0 ;18 

i 

0 ;24 ; 

J 

0 ;37 

SSMA 

10 

dB 

2 a5 

2 ;21 j 

4 s33 


13 

dB 

4 ;27 

4 ;39 ! 

8 ;56 


16 

dB 

8 ;50 

f 

< 

9 .02 i 

17 ;02 


Table 3.1 Computer Timings 
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FIG. 3. 9 SSMA IMPROVEMENT OVER TDM A 



CHAPTER 4 


OH -BOARD REGEHERAT IOH 

The advantages of on-board regeneration have been pointed 
out in Chapter 1. How we will consider venous configurations 
for uplink and downlink accessess and modulation techniques to 
be used therein, First we will consider the same typo of 
accesses on both uplink and downlink, and then different types 
of accesses for each of the links and finally son© hybrid 
schemes. Eron these various configurations wc will select a 
scheme suitable for military requirements. 

A . 1 Configurations Using, TDHA for Both Links 


For an on-board regeneration scheme using PCM/PSl/TDMA for 
both links, an ideal repeater would be as shown in Fig. 4.1. 



Here coherent detection with differential coding is 
employed for the uplink. Functions performed by the va.rious 
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subblocks in the figure can Toe realized with sufficient 
reliability. But fast carrier recovery and clock recovery 
for each burst are very critical and these recoveries have 
to be don^ within a few synbcis for each burst, otherwise 
signal degradation will result. So to ease Inis problem 
one nay onit either carrier recovery or clock recovery or 
both and consequently rake the onboard regenerator configura- 
tion simpler . How we will consider the various schemes by 
omitting either one or both. 

4.1.1 Regen erat ive, sche me w ith out c arri er recovery 

Carrier recovery realization with sufficient stability 
poses the maximum problem, specially when the cons brain' ts are 
in terns of lesser complexity, low power consumption and lesser 
weight. We can make the onboard regenerator less complex by 
omitting carrier recovery. How with the omission of carrier 
recovery, differentially coherent detection, seems to be an 
ideal alternative. Bub this method requires an additional 
power of 0.5 dB for biphase signal (2.5 dB for 4 pho sc) . 

But uplink power is not a premium factor and the ground 
transmitter must provid.e this additional power. 1ms scheme 
is shown in fig. 4.2. 

But this type of detection m turn requires that the 
one symbol delajr be achieved with sufficient accuracy, other- 
wise the delay-time variation will result in phase error of 
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Pig. 4.2 Configuration with. Omission of dlock 
Recovery 

the reference signal and consequent degradation in performance. 
The phase error is given Toy 



E^ x 360 (degrees) 


(4.1) 


where f is the carrier frequency, f g is xhe sy .ibol frequency 
and E^ is the delay-tme variation. Differential encoding for 
downlink is optimal because of two factors. One is the addi- 
tional power requirement and second is that since the carrier 
is coherent over all the hursts the conerenb I.-dC can he rather 


easily used. 


4.1.2 Regnerative Scheme, without cl ock_ r e cov cry 

This regenerative scheme is as shown m Fig. 4.3. 

This scheme is not very useful, since the critical element 
of carrier recovery is not resolved. Also onboard processings 
which require clock cannot he performed m this case. But 
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Output 


Fig. 4.3 Configuration with on s si on of Clock Recovery 


carrier phase ambiguity can be resolved by using differential 
encoding at the ground transmitter and differential decoding 
at the ground receiver. 


4.1.3 R ognerative scheme without both c ar rier and clock recov ery 
The configuration becomes very simple without both carrier 


and clock recovery and can be shown as in Fig. 4.4. 

Hardlimter . , 

A 


Input signal 



Branch 

proce- 


PSR 

modula • 
tor 


Output 


Can ler 
genera ccjr 


Fig. 4.4 Configuration with Both Clock and Clock Recovery 
Omission 


This scheme cannot be applied to 4 phase PSR because of 
the large timing 3 it ter. But in the case of cwo phase PSK 
the jitter is tolerable [1]. Similar to me scheme m 4.1.2 
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any processing which requires clock cannot he performed onboard 
in this case. So differential encoding cannot be used for the 
downlink. But doubly differential encoding [32] can be done at 
the earth station, otherwise coherent PSh is the normal downlink 
format. 

4.1.4 Advantages and disadvantages 

¥e have discussed the various configurations of using 
TDM for both uplink and downlink. 'The frame efficiency for 
uplink as given by eqn. 2.1 can be increased by omitting either 
carrier recovery or clock recovery or both. Tins is because the 
additional dummy symbols in front of each burst for either 
carrier or clock recovery or both are not required. On the 
downlink since the carrier is coherent over all the bursts even 
if coherent demodulation is employed the carrier recovery bits 
are not required for each burst. 

Since a satellite antenna ’sees’ a large portion of the 

earth any transmitter within this portion can cause effective 

interference, if TDM uplink is employed. H e nce a TDM uplink 

a 

is not suitable fron/nilitary point of view. 

4 • 2 Configuration Using SSI la for Bobh Links 

as discussed m Section 2.4 spree d spectrum modulation 
gives immunity from interference. Honeo SSMA linns are 
attractive from the point of view of secure communication. 

The configuration using SSM for both up and dora links is as 
shown m Big. 4.5. 



Correlator 
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The SSM uplink is advantageous from the point of view of 
interference removal. But a SSlH domilixiu is not attractive due 
to the following reasons. The difficult tasl: of code synchroni- 
zation has to be performed at the ground receiver which increases 
the ground receiver complexity, he would like to keep the ground 
receiver ls simple as possible, further litele advantage is 
gained in having spread spectrum downlink because the distances 
involved are such that a spread spectrum signal cannot protect 
the receiver from interference that is close by (say poxverful 
narrowband jamming) when the satellite downlink transmitter is 
35^800 TCns away. Lach accessing user has to use a separate Ph 
code. This will result m slight depredation of performance due 
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to the cross-correlation noise due to the other accesses, 

4 .3 Configurations Us in- Diff erent Types of Accesses for 

Uplink and D ownlink 

Since the technique of bSMA for both uplink and downlink 
does not offer any significant advantage, we will now consider 
different types of accesses for the links and see the advan- 
tages and disadvantages offered by these combinations. But a 
scheme with TDMA uplink and SSMA downlink can be out rightly 
rejected as it does not give uplink interference protection and 
also because the ground receiver becomes complex. 

4.3.1 SSMA. uplink and PSK/PPMA downlink 

Spread spectrum multiple access is used on the uplink 
because of its interference rejection capabilities. Bor uplink 
the PU codes used by each ground station should be produced 
from the feedback shift register of sane length but with various 
feedback connections producing maximal length sequences. The 
uplink carrier frequency is the sane for all the accesses. On- 
board the signal is brought down to baseband using correlation 
operation and processing is done on the baseband if needed. 

After this the signals meant for venous stations should be 
sent downlink m such a manner as not to interfere with each 
other, One way is to send thorn downlink using PSii modulation 
on various carriers. This system requires that the different 
ground stations bo tuned to different frequencies and hence a 
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fast reconfiguration, is difficult. The onboard regenerator 

for this scheme is as shown m Fig. 4.6. 
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Fig. 4,6 Configuration Usin^ SSMA Uplink and PDMA. 

Downlink 

4.3.2 SSMA Unlin k and PSk/TDMa. Downli nk 

In this scheme also the uplink is SSI1A and accesses by 
various stations is done with the help of PIT codes of sane 
length. The schematic is as shown m Pig. 4.7. After base- 
band recovery is done onboard,, to coxitrol downlink error rate, 
error correcting codes 'jay also be introduced in the branch 
processing. Since the clocks received from die various 
stations on uplink nay not be synchronous, retiming of the 
signals nay be done onboard. To avoid interference between 
the signals on the downlink, signals *-cant for various 
stations are sent in bursts on the same carrier. The scheme 
is a s shown m Fig. 4.7. 


** 

59549 * 









Output 


Fig. 4.7 Configuration for SSIIA Uplink and TDM Downlink 


Since the carrier is coherent over all the bursts the 
dummy symbols for carrier recovery need not be sent m the 
preamble of each burst. Further if retiming is done onboard 
the communication efficiency will be further improved by 
reduction in the preamble time. 

This is an attractive scheme because of the interference 
rejection capability of the u)lmk spread sp-ctrum modulation 
and simplicity and all the advantages of IDI'Ll on the downlink. 

4.4 Hyb rid M ultiple Acces s Sch emes 

Now we will consider some hybrid multiple access schemes 


with onboard regeneration. 
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4.4.1 


and TDM downlink 


Here we will consider a typical Hybrid system, a coobina- 
tion of SSM and TDMA. for uplink. The signal is first transn: 
tted through a SSM modulator, where the messages acquire a 
widebandwidth due to the correlation operation with a PH 
sequence. The codes selected should be of equal length but 


distinct. Then this coded message is sent to the satellite 


using TDM. In the satellite , the messages received from the 
various uplinks are demodulated using a TDM demodulator and then 


time gated so that the signals from the various earth stations 


are sent to the respective SSM demodulator for spread spectrum 


removal as shown in Fig. 4.8. 
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Pig. 4.8 SS/TDM Uplink and TDM Downlink 

In this case only one signal is present at a time m the 
satellite and hence the cross— correlation noise due to the 
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simultaneous existence of various spread spectrum signals does 
not arise. Thus the uplink "besides providing interference 
rejection also provides immunity from cross-correlation noise 
due to the multiple access. The downlink is sent on conven- 
tional TDMA., This modified TDM system incorporating SSI1A 
capability creates complex signal processing problems both 
at the satellite and at the earth station. 

4.4.2 5S/F DMA Uplink and TDM downlink 

This scheme is useful for transmission of analog signals. 
In this case, each user is assigned the same PU code, but a 
different carrier frequency. The information to be sent is 
nodulated on a carrier using frequency modulation and then 
spread with the help of a PIT sequence. So the different 
stations use different carriers. The carrier spacing is done 
depending upon channel capacity as m the case of normal PDMA.. 
So m the satellite repeater only one PIT code generator is used 
to remove the spread spectrum modulation. The outputs are 
passed through various IP filters and then Pm demodulation is 
done. The demodulated signal is further modulated as m the 
case of normal FDMA. and sent downlink. The schematic for the 
onboard regenerator is as shown m fig, 4.9. 

The onboard regnerator is simpler in configuration and 
so also will be the ground receiver. But this system lacks m 
flexibility of reconfiguration as m the case of normal PDMh 
the added advantage being uplink interference rejection. 
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Pig. 4.9 SS/PDM Uplink and PDM Downlink 
4.5 Selection of a Suitable Scheme f or Military Requirements 

The military requirements are different from the normal 
commercial communication requirements. Tne main differences 
are interference removal, antijamming capabilities and flexi- 
bility of operation. Further, many of the military users nay be 
mobile tactical users away from the foimation headquarters, who 
have to set up or dismantle the communication link fast and hencs 
the simplicity of ground equipment nay bo an additional requirem 
We have seen that a TDM uplink does not provide antijamming 
facility and for this reason, an SSIIA. uplink is preferred. On 
the downlink if SSMA is employed the ground receiver will 
become complex. An f DMA downlink will not be flexible from the 
point of view of reconfiguration. Hcncc a TDM downlink is 
preferred. The hybrid systems are attractive but make 
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the onboard and ground signal processing very complex. 
Hence a SSMA. uplink and TDMh downlink is the nost suitable 
choice to meet the requirements. A detailed schematic of 
the system is given m Chapter 6, which follows the power 
budget calculations presented m the next chapter. 



CHAPTER 5 


LINK JBtlDC-ET OAICUMTIOP 


In this chapter, we will calculate 'cue power budget for 
the system selected, namely PCil/BPSK/SSlIA. uplink and PCH/BPSil/ 
TDMA. downlink. 


5.1 


Upl in k Power B ud get 


Eor a reasonable good fidelity in the case of digital 
transmission of voice, 8 bit PCM is now accepted as a stando-rd 
technique and hence sampling at 8 kHz givos a data rate of 
64 Kbps. If there are 25 channels per earth station the data 
rate is 1.6 Mbps. If we use 13 d3 processing gam (i.e. the 
code clock rate is 10 tines the data rate) the transmitted 
data rate is 16 Mbps. The number of accessing stations we 
will arbitrarily take to be 60. The cross-correlation noise 
degradation is taken to be -2.8 d5 [33]. 

Prom the simulation results the Bn /F to achieve an 
error rate of 10 - ^ is 4.4 dB. Eor two phase PSK, if the 
satellite repeater bandwidth is 40 .Hz, tho Inter Symbol 
Interference can be assumed to be 2 dB [4 ]• Due to imperfect 
phase extraction of the received carrier an effective signal 
loss of 0.5 dJ3 can be assumed. 


So the effective E^/lT 0 = 4.4 + 2.0 + 2 + 0.5 = 9.7 dB. 
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Tiie effective signal power received at the transponder 

c = v*- 

where R is the hit rate of the received data. 

Therefore, G/F 0 at the transponder duo to one accessing 
station = 9.7 + 10 log(^-|i 0 -) = 63.95 dB Hz. 

The received carrier to noise to noise power ratio at 
the satellite expressed m dB is given by 


S- = Transmitter power (dBW) + Tx. Antenna gam(dB) - path loss(dE 
^ o 

+ Boltzmann's constant (dB) + Satellite Receiving antenna 

gain (dB) 

- Satellite Receiver Temperature (dB°iv) 

Tx. Antenna gain (for a small mobile terminal) = 37.5 dB 
Path loss for uplink (6 GHz) = 200.1 dB 

Boltzmann’s constant = 228.6 dB 

Satellite receiving antenna gain - 26.5 dB 

Satellite Receiver temperature = 30 dB°iC 

Therefore, Transmitter power = 63. S5 - 62.5 = 1.45 dBW 


5 . 2 Downlink Power B udge t pOal cula t i_on 

The output of SSMi baseband demodulator is at a raoe 
1.6 Mbps* This is to bo transmitted downlink m bursts. In 
TDMA to achieve 95 percent frame efficiency the gross data 
rate should be 1,68 Mbps . Since tne c’mer is coherent over 
all the bursts carrier recovery is not needed for each burst. 
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So the preamble of each burst meed contain only clock recovery 
bits and un.iq.ue word, besides the guard " tins. ¥e will now 
calculate the frame length. 

The frame efficiency is given as 

Ip g + n(T s + T Ba ) 

" = 1 17 


where 

T FS is frame synchronisatioxi length 

n is number of stations accessing 

f G is guard time 

Tgg is preamble length 

Tp is frame length 

Assuming guard time Tq of 1 bit, 16 bits for preamble T-gs and 
frame synchronization length Tp^ of 20 bits 

p = . 95 = 1 - — x -- 

Tp =20.8 Kbits 

Taking a gross rate of 1.68 Mbps the f rax 13 duration is 

1.2 nsec. 

For BPSK transmission to achieve an error rate of KT^E^/Hq 
required is 8.3 dB. Allowing 0.5 dB degradation due to imper- 
fect carrier phase recovery effective \/~' 7 0 required is 8.8 dB. 
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Effective signal power received at tiic ground received 
“ ^ ^ 

Therefore , 

|~ = 8.8 + 10 log(1.68x!0 6 ) 

1 o 

= &&T&3 dB Iiz 
Jl ©S3 


= Satellite EIRP (dB) - Path loss (dB) - Boltzmann's constant 

(dB°K) + (G/T) (dB) 

Path loss (4 GHz) = 196.6 dB 

Boltzmann's constont = 228.6 dB 

4<-<?U7lC , , S O 

Ground station freiiiency of merit (G/T) =17.5 dB K 
Therefore Satellite EIRE = 71.053 - 4 9.5 

= 21.55 dBU 


To summarize, the power budget is as giver m Table 5.1. 
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Table 5.1 


Threshold. Bit error rate 10~^ 
UPLIiUC BUDGET (6 GHz) 


Tx. Antenna gain 
Path loss 

Boltzmanns constant 
Satellite antenna (G/T) 
Carrier to noise ratio 
Ground, transmitter power 


37.5 dB 
200. 1 dB 
220.6 dB 
- 3.5 dB 
63.95 dBflz 
1.45 dBW 


DOWNLINE BUDGET (4 GHz) 


Carrier to noise ratio at 
ground receiver 

62.253 

d3 

Path loss 

196.6 

dB 

Boltzmann* s constant 

220.6 

dB 

Ground station (G/T) 

17.5 

dB 

Satellite EIBP 

21.55 

dBW 



CHAPTER 6 


COE OPUS IONS 

We nave seen that TDMA and SSM are better suited accessing 
methods from a military communication point of view. Further 
SSMA. has interference removal and random access capabilities. 
Thus we have concluded that SSMA. uplink, onboard regeneration 
followed by downlink TDMA. is an ideal scheme for military 
requirements . For spreading the spectrum we have considered the 
use of Direct Sequence only. For the military use, many of the 
ground terminals my be of mobile type which have to be assem- 
bled and made operational fast and have to be dismantled and 
moved away equally fast. In this context it is worthwhile 
considering the Emergency Communication Terminal (ECT) developed 
by ISRO for the STEP experiments. This terminal is mobile and 
airliftable. This has an antenna of 3 M diameter and figure of 
merit (G-/T) 17.5 dB/°K. ISRO has reported that this terminal 
can be made operational within 6 hrs and was developed for 
analog voice link. But it can be adapted to military use and 
can be made operational m a lessor time. Because of these 
mobile considerations, this value of G-/T of 17.5 dB/°K has 
been adopted m the link budget calculations. The various 
segments of the system, namely ground transmitter, satellite 
transponder and ground receiver of a typical military link 
selected, are explained m the following paragraphs. 
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To spread the spectrum of the information bearing signal 
we have used a maximal length sequence of length 2047 bits 
generated by a shift register of 11 stages. This shift register 
is capable of generating 176 distinct maxijoal length sequences 
[See Appendix A], So the potential number of users is 176 but 
we have restricted the number of simultaneous users to 60. As 
mentioned in Section 5.1 the data rate of each accessing station 
is 1,6 Mbps (64 Kbps per voice source and 25 users per channel). 
The spreading of the signal depends upon the code clock rate. 
Here we have assumed a processing gam of 13 dB i.e. the code 
clock rate is 32 MHz and the ground transmitter power required 
has been calculated as 1.45 dBW. 

Though the spreading is dependent upon the code clock rate, 
a code of shortlength should not be selected because the random- 
ness of the signal will depend upon the length of the code as 
seen from eqn, 2.5. Based on these, the configuration of the 
ground transmitter would appear as shown m Pig. 6.1. 



Pig. 6.1 Ground Transmitter 
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In the satellite section, the SSMA. signal is converted into 
"baseband and is sent downlink m bursts. With the data rates 
and framelength as given in Section 5.2 one needs a large size 
buffer at the satellite. This problem can be overcome by either 
increasing the downlink rale or using demand assigned TDMA. or 
decreasing the frame length. But decreasing the frame length 
will affect the frame efficiency. If the downlink data rate 
is increased the ground receiver will become more complex. The 
demand assignment will require a central controlling facility 
at the satellite itself. So the block diagram of the signal 
processing part of the satellite transponder is as shown in 
Pig. 6.2. 



Pig, 6.2 Satellite Transponder 


The timing and control decides when the buffer output is to 
be mixed with the preamble and transmitted. 
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At the ground receiver as shorn in Pig. 6.3 the received 
signal is converted into IF and donodulated in the PSK demodu- 


lator, The unique word is detected in the unique word detector. 
Controlled “by the timing control, the information meant for the 
particular receiver is read into the buffer. The output is sent 



Fig. 6.3 Ground Receiver 


The buffer requirements m the satellite transponder can 
be investigated further. One of the important aspects of the 
SSMA is code synchronization. Fa the simulation used here, we 
have assumed proper synchronization. The degradation caused by 
improper synchronization is to be studied further. Also the 
performance of Frequency Hopping vis-a-vis Direct sequence is 
an area of further interest. 









SCPC 

SSMA 

TDM 

SS/TDMA 

SS/BDMA 


Single-qarr ier-per- channel . Used with demand 
assigned systems. 

Spread spectrum multiple access. Bach accessing 
statical uses a different code for spreading the 
spectrum. 

Time division multiple access. Accessing stations 
are separated in time. 

Spread spectrum TDMA a hybrid technique. 

Spread spectrum FDMA a hybrid technique. 
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APPEND IX A 


PROPERTIES OP MAXIMA! SEQUENCES 

Mai ioal codes are the longest codes that can be generated 
by a shift register of a given length. In binary shift register 
sequence generators, the maximum length sequence is 2 n -l, where 
n is the number of stages in the shift register. Properties of 
maximal sequences are briefly as follows • 

i) Balance property : - The number of ones m a sequence 
differs from the number of zeros by almost one bit. This 
causes the DC component m a code or code modulated signal 
to be neglected. 

ii) Run property : - The statistical distribution of ones and 

zeros is. 'well defined and always the sano, but the relative 
position of runs vary from code to code. There are exactly 
2 n “(P +2 ) 0 f length p for both ones and zeros m every 

maximal sequence. (Except that there is only one run 
containing n ones and one containing r -1 zeros). A run is 
defined as a series of ones or zeros grouped consecutively. 

in) Correlation proicerty Auto-correlation value of a maximal 
linear code is such that for all values of phase shift 
the correlation value is -1, except for the 0 + 1 bit phase 
shift area, in which correlation varies linearly from the 
-1 value to 2 n -l. 



iv) Generic property A modulo- 2 addition of a maximal- 
length. linear code with a phase shifted version of itself 
results in another replica with a phase shift different 
from either of the replicas, 

v) .Every possible state, except all-zeros state, or n-tuple 
of a given n-stage generator exists at sometime during 
the generation of a complete code cycle, 

Using all of the possible linear combinations of feedback 
taps for an n-stage register, there are [cp(2 n -l)]/n maximal 
linear sequences that can be generated. Here <p(2 n ~l) is an 
JSuler number, the number of positive integers including 1 that 
are relatively prime to and less than 2 —1. Table A— 1 shows the 
number of maximal sequences that can be generated with some 
shift registers of length n. 

Table A-l 


Total register 
length n 


4 

5 

6 

7 

8 
9 

10 

11 

12 


Total number of 
sequences 
[cp( 2 n -l) ]/n 

2 

6 

6 

18 

16 

48 

60 

176 

144 


Sequence length 
2 * 1-1 


15 

31 

63 

127 

255 

511 

1023 

2047 

4095 
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